The freshwater calanoid copepod Mongolodiaptomus malaindosinensis is an endemic species of the lower Mekong basin, including Malaysia. The relationships between environmental factors and life history traits have been reported for many copepods, while they have never been assessed in this tropical species. Post-embryonic development time (post-EDT), body size and survival rate of M. malaindosinensis were determined under different algal concentrations of Chlamydomonas reinhardtii and Cryptomonas tetrapyrenoidosa at 25°C, to clarify the effects of algal species and carbon supply on their somatic growth and survival. Post-EDT until adult in M. malaindosinensis decreased with increasing food carbon supply regardless of the algal species tested. Although naupliar developments were the shortest at 10 4 cells mL −1 of C. reinhardtii, food shortage delayed the development time and also induced high mortality during the copepodid stages. The highest survival rate of 93% was obtained in the copepods fed on C. tetrapyrenoidosa at 5 10 4 cells mL
Introduction
Copepods are the most diverse and widely distributed multicellular organisms in both marine and freshwater ecosystems. They play a crucial role in the food chain for linking to higher trophic levels (Williamson & Reid 2001) . Apart from being a component of the aquatic ecosystem, copepods are particularly rich in essential unsaturated fatty acids (Piasecki et al. 2004 ) and can also be an important food resource for the local people living in Southeast Asia (Kottelat 2007) .
Both temperature and food conditions have been shown to affect life history traits of copepods (Ban 1994 , Hansen & Santer 1995 , Liu et al. 2015 . Copepods are therefore sensitive to environmental changes (Mauchline 1998 , Almeida et al. 2012 . Previous studies have shown that the life history traits of copepods exhibited more sensitive responses to food conditions than temperature (Ban 1994 , Liu et al. 2015 . Anthropogenic impacts such as global warming and eutrophication induced complex changes in plankton communities through nutritional and thermal changes in the environments (Hsieh et al. 2010 (Hsieh et al. , 2011 . It is therefore important to determine how copepods respond to variable food conditions.
Food conditions for zooplankton cause major changes in their species composition and population structure. For example, Wu (1999) showed that a copepod community was replaced by small-sized, gelatinous zooplankton after eutrophication. Successful development of copepods in larval stages may depend on food requirements (Hansen & Santer 1995) . Although both food quantity (i.e. carbon supply) and food quality (i.e. algal species) have been shown to affect life history traits in many temperate copepods (Ban 1994 , Twombly & Burns 1996 , Dahl et al. 2009 , Liu et al. 2015 . It is known that nutritionally poor foods, such as cyanobacteria and diatoms, cause decreased growth rates and reduced body sizes in copepods (Hart & Santer 1994 , Hart 1996 , Burns 1998 , Dahl et al. 2009 ). A poor-quality diet can also prolong the duration of each developmental stage (Peterson et al. 1991 , McKinnon 1996 .
Algal species-specific nutritional components might affect the success of copepod populations (Koski & Breteler 2003 , Santhanam et al. 2015 . Previous studies in temperate copepods have shown that a carbon supply of 1 mgC L −1 of Chlamydomonas reinhardtii Dangeard, 1888 and Cyclotella meneghiniana Kutzing, 1844 were sufficient for naupliar development but were inferior or inadequate for copepodid development (Hart & Santer 1994) , and that Cryptomonas erosa Ehrenberg, 1832 is a higher quality food for copepod growth than C. reinhardtii, i.e. the survival rate of two species of Diaptomus minutus Lilleborg, 1889 and Epischura lacustris Forbes, 1882 showed higher survival rates when they were fed with C. erosa (ca. 50-80%) than with the C. reinhardtii (<35%) (Celia & Folt 1993) . In Thailand, over 1,600 millimeters of annual rainfall is commonly recorded (Royal Irrigation Department 2016) , and more than 11,000 freshwater ponds, rivers and/or small reservoirs can be found (Sanoamuang 2002) . These freshwater habitats can have high biodiversity, including copepods, with ca. 10 species of calanoids being recorded from a single habitat in the northeast of Thailand (Sanoamuang 1999) . In general, temperature raises metabolic costs in aquatic organisms (Brown et al. 2004 , Liu & Ban 2017 and water temperatures can always be >25°C during the year in tropical regions (Tordesillas et al. 2016) . Planktonic copepods in tropical regions might exhibit higher energy demand with higher metabolic costs compared to those in temperate areas (Beyrend-Dur 2010) . The effects of environmental factors on the life history traits of tropical freshwater copepods are still rarely and only sporadically reported. Recent studies on the tropical calanoid Arctodiaptomus dorsalis Marsh, 1907 collected from Lake Taal (Philippines) showed that this copepod can grow to be an adult within one month, with varying survival rates of 23-67% when reared with the single algal source of Chlamydomonas reinhardtii (Tordesillas et al. 2016 ), however, the highest egg production rate was obtained under a cell concentration of 2 10 5 mL −1 at 30°C (Tordesillas et al. 2018) . Since food selectivity in copepods is strongly influenced by both particle quality and the abundance of alternative foods (DeMott 1986 , 1989 , Kiørboe 2016 , the widespread distribution of copepods in tropical waters might be due to their wider utilization of available food sources in the field. Previous studies on freshwater copepods in Thailand have mainly focused on taxonomy, diversity and distribution (i.e. Ranga Reddy et al. 1997 , Sanoamuang 1999 , 2001 , 2004 , Sanoamuang & Teeramaethee 2006 , Proongkiat & Sanoamuang 2008 , Watiroyram & Sanoamuang 2017 . The tropical freshwater calanoid copepod Mongolodiaptomus malaindosinensis (Lai & Fernando, 1978) , which is an endemic species in the lower Mekong basin, can be commonly found in many lakes and ponds in Thailand, Laos, Cambodia, Vietnam (Sanoamuang 2002) , and Malaysia (Lai & Fernando 1978) . The life history traits of this copepod, however, have never been studied before. In this study, we firstly cultured this copepod by supplying different algal diets in the laboratory, determined post-embryonic development, larval growth and assessed survival under different carbon supplies of two algal diets, in order to clarify how this tropical copepod responds to different food supplies of two different algae.
Materials and Methods

Field collection and stock cultures
Zooplankton samples were collected with horizontal hauls using a conical plankton net (mesh size: 60 µm, diameter: 30 cm) in the littoral zone (depth: 2 m) of a pond located in the north of Kaeng Nam Ton (16°24′29.97″N, 102°45′39.08″E), in the province of Khon Kaen, Thailand, on 25 September 2015. Then, ovigerous females of Mongolodiaptomus malaindosinensis were sorted from the zooplankton samples under a stereo microscope (Olympus, SZ-PT) at a magnification of ca. 40 , using the taxonomic keys and descriptions of Sanoamuang (2002) .
In this study, the culturing procedures for copepods were almost the same as those described in Liu et al. (2015) . Copepods sorted from the field sample were cultivated in 1-L jars filled with filtered (Whatman GF/F, diameter: 47 mm), autoclaved and well-oxygenated tap water (FTW) as stock cultures. The stock cultures were maintained at 25°C under a photoperiod of 12L : 12D with a light intensity of ca. 20 µmol m −2 s −1 in an incubator (Sanyo, . Copepods were fed with ca. 5 10 4 cells mL −1 on 1 : 1 (cells : cells) fresh algal mixture of Chlamydomonas reinhardtii (IAM C-9) and Cryptomonas tetrapyrenoidosa (NIES 282), which have been previously used in many life history studies (e.g. Celia & Folt 1993 , Liu et al. 2015 , Tordesillas et al. 2018 ). The former is small size (ca. 5 µm) with a low carbon content per cell, while the latter is larger (10-15 µm) with a higher carbon content (Table 1 ). The culture medium was changed weekly and fresh food suspensions were provided every 2 days. Algal cultures were grown in a 1-L flask at 20°C under a photoperiod of 12L : 12D with a light intensity of ca. 130 µmol m −2 s −1 in an incubator (Sanyo, .
Experimental conditions
Water temperatures ranged 25-30°C in the original habitat (pond) throughout the year (authors unpublished data). Thus, prior to the experiments, copepods were acclimatized at 25°C for at least one generation under the same food conditions as the stock culture. After acclimatization, copepods were individually reared under four food concentrations (i.e. 10 ) of Cryptomonas tetrapyrenoidosa. Those food concentrations, which covered large ranges of carbon supply, are necessary for development in copepods (e.g. Liu et al. 2015 , Tordesillas et al. 2018 , and allowed for evaluation of the effects of food supply on this copepod both quantitatively and qualitatively. Carbon contents under each of the different food conditions were summarized in Table 1 . All experiments were conducted under the same light and temperature conditions as those in the stock culture.
Experiments on post-embryonic development
Ovigerous females were isolated from the stock cultures and individually transferred to each 10-mL well of a 6-well polystyrene tissue-culture plate (Trueline, TR5000) filled with FTW, and placed in an incubator (Sanyo, MLR-350) at 25°C. Nauplii hatched within 12 hours from the eggs carried by the females, were sorted, and individually placed into wells in the tissue-culture plates filled with algal food suspension. A total of 204 newly hatched nauplii (N1) from more than five females were used in this study. The experimental animals were transferred every day to new, clean tissue-culture plates filled with fresh algal food suspension. All developmental stages, i.e. six naupliar (N1-N6) and six copepodid stages (C1-C5 and adult), were observed. Exuviae or dead animals were checked four times per day (every six hours) under a dissecting microscope (Olympus, SZX12) at a magnification of ca. 10-20 to determine the development time and survival rate. Time zero was defined as the time when the N1 hatched from the egg. Stage duration i represents the inter-molt duration calculated from the age of molting from the developmental stage i to i+1 for each individual. Sex can be distinguished after C5, and sex ratios (female/male) were also calculated after the sex of all adults were confirmed at the end of each experiment.
Body size measurement
Prosome lengths (PL) of copepodid stages were measured using the exuviae under a dissecting microscope (Olympus, SZX12) at a magnification of 90 with an eyepiece micrometer attached to the microscope (accuracy to 11.1 µm). PL was measured as the length from the tip of the head to the posterior margins of the last thoracic segment in exuviae. PL of each adult was measured after the experimental animal died and was preserved with neutral 5% sugar formalin.
Somatic growth
Somatic growth rates were estimated using a method similar to that of Liu et al. (2014) for another freshwater copepod. Adults were not included in the estimation due to only a few individuals moulting to adult in food-limited treatments (e.g. 5 10 4 and 10 5 cells mL −1 of C. reinhardtii). The body dry-weight (W, µg) was calculated from the PL (µm) using the length-weight equation for tropical calanoid copepods defined by Chisholm & Roff (1990) :
The calculated body dry-weights were then used to estimate the growth rates of M. malaindosinensis at each food carbon concentration (FC, mg L
−1
). The log-transformed body dry-weight for each stage was linearly plotted against cumulative development time (DT, days). The slope is the instantaneous growth rate (g, day
) under each food condition. The g was fitted to an exponential function of logtransformed FC to clarify the relationship between g and FC.
Data analyses
In order to evaluate the effects of carbon supply on development, body size and survival in Mongolodiaptomus malaindosinensis, food concentrations for each algal diet were transformed to carbon weight due to the different sizes of Chlamydomonas reinhardtii and Cryptomonas tetrapyrenoidosa (Table 1) . To determine the carbon contents of the two algal species, algal suspensions with cell numbers of ca. 1.31 10 5 -1.03 10 8 were filtered using pre-combust- , respectively (Table 1) . In order to clarify the relationship between somatic growth and carbon supply, regression analyses were made between post-embryonic development time (post-EDT, days) until adulthood or PL (mm) of adult and natural log-transformed carbon concentration of algal foods (FC, mgC L
−1
). The differences between male and female on post-EDT and PL were tested by analysis of covariance (ANCOVA).
Kruskal-Wallis tests were performed to evaluate the differences in stage duration of nauplii (from N1 to N6) and copepodites (from C1 to Adult) and pooled stage-specific survival rates of C1-4 between different food conditions, and then the post hoc Tukey-Kramer test was conducted when the Kruskal-Wallis test resulted in a significant difference. Stage duration of copepodites at 5 10 4 and 10 5 cells mL −1 of C. reinhardtii and a stage specific survival rate at 5 10 4 cells mL −1 for C. reinhardtii were not included in the analysis due to insufficient data points.
The differences in the post-EDT until adult and the adult PL between the copepods reared with the two algal diets at 10 4 cells mL −1 of C. reinhardtii and 10 3 cells mL
of C. tetrapyrenoidosa were tested by analysis of variance (ANOVA) due to having almost the same carbon concentration (see Table 1 ). 
Results
Post-embryonic development
Results of post-embryonic development in Mongolodiaptomus malaindosinensis at different food conditions are summarized in Table 2 . According to microscopic observations, empty guts and many lipid droplets were found inside the bodies of the 1st naupliar stage (N1). The shortest mean stage duration (D) was mainly observed in N1, i.e. 0.83 days, compared with those of other stages, except for that of N2 at the highest concentration of Cryptomonas tetrapyrenoidosa, which was 0.77 days. During naupliar stages, D of each stage was around one day, whereas copepodites required a longer time than nauplii did to develop, especially at the lowest algal concentration of 10 3 cells mL −1 of Chlamydomonas reinhardtii.
In Chlamydomonas reinhardtii diets, mean post-EDT until adult male was 34.8 and 18.7 days at 10 3 and 10 4 cells mL
, respectively, whereas no males grew up to the adult , and Cryptomonas tetrapyrenoidosa (Cry.) at 10 3 and 5 10 4 cells mL −1 at 25°C. Sex ratios (female/male) and the survival rates of the adult stage are also indicated. N1-N6, naupliar stages; C1-C5, copepodite stages; M, male; F, female; n, number of individuals in each stage; N1-adult, post-embryonic development time from hatching to adulthood. denotes no data due to few or no survivors. Stage duration was separately calculated for males and females from C5. , respectively, and no female survived until the adult stage at 10 5 cells mL −1 (Fig.   1A , Table 2 ). In Cryptomonas tetrapyrenoidosa diets, the average post-EDT until adult were 27.0 and 15.5 days in males, and 30.1 and 16.0 days in females at 10 3 and 5 10 4 cells mL −1
, respectively (Fig. 1B, Table 2 ). Sex ratios of adults were 5.5 and 1.0 at 10 3 and 10 4 cells mL −1 of C. reinhardtii, respectively, and 2.5 at both food concentrations of C. tetrapyrenoidosa (Table 2) . Throughout all food conditions, pooled naupliar durations varied from 5.13−6.85 days, while copepodid durations were longer and had more variable ranges than naupliar ones (9.51−27.52 days), and the durations for both nauplii and copepodites were significantly different depending on food conditions (Table 3) . Although the post hoc Tukey-Kramer test identified the shortest duration of pooled naupliar stages to be at 10 4 cells mL −1 of Chlamydomonas reinhardtii (5.1 days), similar values were also observed for the other food conditions (6−7 days, Table  3 ). Naupliar stage duration at 10 3 cells mL −1 of Cryptomonas tetrapyrenoidosa was ca. 2 days longer than the shortest duration (Table 3) even at the same carbon concentration (see Table 1 ). For each naupliar stage, post hoc tests showed that the stage durations were not so significantly different between each of the various food conditions, although Kruskal-Wallis tests showed significant differences between all food conditions for every stage (Table 2 , S1). The pooled copepodid durations varied greatly under different food conditions, with the shortest value (9.51) being recorded at 5 10 4 cells mL −1 of C. tetrapyrenoidosa (Table 3 ). The combined copepodid stage duration was also the shortest under this food condition (Table 2, S1 ). Regression analyses between the post-EDT until adult and natural log-transformed carbon concentration (FC, mgC L −1 ) for each food condition were made (Fig. 2) . The post-EDT (DT, days) linearly decreased with increasing lnFC for both males and females, and the equations were: Table 3 . Pooled stage durations (days) of naupliar and copepodid stages at different concentrations of Chlamydomonas reinhardtii and Cryptomonas tetrapyrenoidosa diets. The durations were the average of the duration from C1 to Adult for all individuals, regardless of whether male or female, and was not the simple sum of each stage duration in Table 2 . Statistical analyses on stage durations showed differences among the six food conditions. Hyphen represents no data. Values with the same superscript characters in each tested stage indicate no significant difference among food conditions (post-hoc Tukey-Kramer test, df=168 and 47 in naupliar and copepodid stages, respectively, p > 0.05 for both). * ) No statistical tests were done due to the small data size (see Table 2 ). Chlamydomonas reinhardtii was below the regression line, ANOVA showed no significant difference of the post-EDT between the two algal diets at a carbon supply of 0.4−0.5 mgC L −1 (df=1, 9, F=2.62, p=0.140).
Stage
C. reinhardtii (cells mL
Survival rate
The highest survival rate to reach the adult stage was 93% and was observed at the highest concentration of Cryptomonas tetrapyrenoidosa, whereas either no or quite few (3%) adults survived even at the highest and next highest cell concentrations of Chlamydomonas reinhardtii, respectively (Table 2 ). In all remaining treatments, 17−23% survived regardless of food concentration or type. During the naupliar stages, at least 73% of the experimental animals survived regardless of the food conditions, but more than half of the animals that molted to the 1st copepodid stage died before adulthood under any food condition, except for at the highest concentration of C. tetrapyrenoidosa ( Table 2 ). The Kruskal-Wallis test showed that pooled stage specific survival rates from C1 to C4 were significantly different between the food conditions (df=4, 13, x 2 =10.14, p=0.038). The post-hoc test indicated that specific survival rates were highest at 5 10 4 cells mL
of C. tetrapyrenoidosa and not significantly different between those under any of the remaining conditions (Fig. 3) .
Body size
Under Chlamydomonas reinhardtii diets, mean adult
PLs were 638 and 759 µm in males at 10 3 and 10 4 cells mL
, respectively, whereas they were 715, 814 and 844 µm in females at 10 3 , 10 4 and 5 10 4 cells mL −1 (Fig.   4 ). Under Cryptomonas tetrapyrenoidosa diets, the mean adult PLs were 694 and 834 µm in males, and 762 and 924 µm in females at 10 3 and 5 10 4 cells mL
, respectively (Fig. 4) . Regression analyses showed that the PL of adults linearly increased with increasing lnFC in both males and females (Fig. 4) 
ANCOVA found significant differences in PL between males and females (df=1, 48, F=42.92, p<0.001) . ANO-VA found no significant differences in adult PL between the two algal diets at a carbon supply of 0. F=3.03, p=0.116) . Larval development during copepodid stages are shown in Fig. 5 . At all food conditions, log-transformed body dry-weight linearly increased with increasing development times. The slopes, i.e. the instantaneous growth rates (g, day Table 1 ). The relationship between g and log-transformed FC fitted well to the exponential equation (r 2 =0.889), being accelerated above 4.0 mgC L −1 (Fig. 5 ).
Discussion
In this study, post-EDTs of the tropical copepod Mongolodiaptomus malaindosinensis decreased with increasing food concentrations for both algal diets, suggesting that development time of this copepod was strongly correlated with food quantity. This response has been reported for many other copepod species, e.g., tropical species of Arctodiaptomus dorsalis in Lake Taal, Philippines (Tordesillas et al. 2016) , temperate species of Eurytemora affinis Poppe, 1880 in Lake Ohnuma, Japan (Ban 1994) , Eodiaptomus japonicus Burckhardt, 1913 in Lake Biwa, Japan (Liu et al. 2015) , the arctic species Calanus glacialis Jaschnov, 1955 in the Arctic Ocean (Søreide et al. 2010) and Pseudocalanus elongatus Boeck, 1865 in the southern North Sea (Renz et al. 2008 ). According to this, development times of copepod species distributed over wide ranges of latitudes from tropical to boreal regions were all sensitive to food quantity.
Sex ratios in copepods can be related to adaptability of populations to environmental factors (Dussart & Defaye 2001) . For example, in Eurytemora affinis collected from an estuary, the proportions of males were always higher than females at all tested temperatures and salinity levels, but showed a slightly higher proportion of females at lower temperatures (Devreker et al. 2007 ). In Eodiaptomus japonicus, the sex ratios increased with decreasing food supply at 15°C but the results showed no clear relationship between sex ratio and food supply at 25°C (Liu et al. 2015) . The tropical copepod Arctodiaptomus dorsalis exhibited the highest sex ratio of 3.0 at the lowest temperature over the total tested temperature range of 25-35°C (Tordesillas et al. 2016) . In this study, the highest sex ratio of 5.5 in Mongolodiaptomus malaindosinensis was observed at the lowest carbon supply level. The sex ratios seem to be skewed to females when copepods were under challenging conditions for growth, such as low temperatures and/ or food shortages. It is known that efficient location of a mating partner and multiple mating over the course of their reproductive period in copepods makes them successful in the pelagic region (Kiørboe 2011) , and that calanoid females often carry several spermatophores, reflecting multiple mating events (Dussart & Defaye 2001) . A sex ratio skewed to females under food-limited conditions might be in order to avoid population extinction through enhancing the possibility of mating and because a high proportion of females can produce more offspring simultaneously.
Copepods in early naupliar stages cannot feed until the development of their oral aperture is complete and until then they live on yolk reserves (Dussart & Defaye 2001) . For example, Eurytemora affinis starts feeding at N2 (Ban 1994) , Tortanus discaudatus (Thompson & Scott, 1897) (Ambler & Frost 1974) , Eucalanus pileatus Giesbrecht, 1888 and Eucalanus crassus Giesbrecht, 1888 (Paffenhöfer & Lewis 1989) at N4. It has been reported that food shortage does not influence yolk investment in copepod eggs Jamieson 1986) , and that the durations of non-feeding stages can be affected by temperature regardless of food supply rates (Liu et al. 2015) due to temperature-mediated metabolic rates (Brown et al. 2004 , Liu & Ban 2017 . In this study, the N1 duration in M. malaindosinensis was shortest regardless of food conditions due to the N1 stage being non-feeding, as confirmed by observations of empty guts and the fact that many lipids were found inside the N1 bodies.
In the present study, Mongolodiaptomus malaindosinensis exhibited the shortest naupliar stage duration of ca. 5.1 days at 10 4 cells mL and was similar to that of 10 3 cells mL −1 in the larger and potentially better diet of Cryptomonas tetrapyrenoidosa, under which the naupliar stage duration of M. malaindosinensis was ca. 2 days longer than that in the former (6.8 days). These results suggest that M. malaindosinensis seems to prefer smaller-size phytoplankton during the naupliar stages because of insufficient development of the feeding apendages in the larval stages (Mauchline 1998) . However, the similar duration and survival rate during naupliar stages, even at the lowest concentration in C. reinhardtii, being equivalent to the lowest carbon concentration of 0.04 mgC L −1
, suggests that the lowest carbon supply condition used in this study was sufficient for naupliar development in M. malaindosinensis.
Both the post-EDT and adult body size in Mongolodiaptomus malaindosinensis were only correlated with carbon supply, regardless of the algal species used. The highest instantaneous growth rate (g) of 0.32 day −1 in this copepod was observed at the highest carbon concentration of 23.7 mgC L −1
. Therefore, limitations on growth in the field might occur when food quantities are at levels lower than this carbon concentration. Temperate species have been reported to have lower somatic growth rates than this, for example, the highest instantaneous growth rate (g) was ca. 0.29 day −1 in Eodiaptomus japonicus reared at 25°C
under ad libitum food conditions of ca. 13 mgC L −1 (Liu et al. 2015) . According to the temperature-growth equation provided in Lee et al. (2003) , the estimated instantaneous somatic growth rate at 25°C was 0. , which was nearly the same as the maximum phytoplankton biomass in situ (Ban et al. 2000) . In Acartia tonsa Dana, 1849, metabolic rate did not increase when carbon supply exceeded 1 mgC L −1 (Kiørboe et al. 1985) .
According to these comparisons, M. malaindosinensis may exhibit a higher upper-threshold for the effect of carbon supply on somatic growth than in these temperate species. Weight-specific metabolic costs in copepods always have been reported to be higher in tropical species than in temperate ones (Beyrend-Dur 2010) . This copepod might be considered a trophic specialist, being adapted to high temperatures and large amounts of food resources, because natural ponds in tropical regions have greater amounts of food resources (Schalk et al. 2017) . In copepods, females generally require a longer development time than males (Lee et al. 2003 , Liu & Ban 2018 due to the long duration of C5 in females caused by maturation of oocytes in the oviducts (Peterson 1986 , Ban 1994 . Parallel maturation among copepod genders might take advantage of producing offspring immediately after their moulting to adults, consequently contributing to their population growth. However, parallel maturation depends on environmental conditions. For example, in the estuarine copepod Eurytemora affinis, females were reported to reach the adult stage at the same time as males did at 15°C and a salinity of 25, while the females needed longer times than males, especially for C5, at 10°C, regardless of salinity (Devreker et al. 2007) . In this study, ANCOVA suggested the post-EDTs of Mongolodiaptomus malaindosinensis were not significantly different between males and females, although the development times were significantly shorter in males than in females at 10 4 cells mL −1 in
Chlamydomonas reinhardtii, with large individual variation. More data are required to determine the difference in post-EDT among M. malaindosinensis genders. In temperate copepods, e.g. Eurytemora affinis (Ban 1994) , Pseudocalanus newmani (Lee et al. 2003) and Eodiaptomus japonicus (Liu et al. 2015) , they mainly died during the naupliar stages, but usually matured to adults regardless of temperature and food conditions after they had successfully moulted from the naupliar to copepodid stages. On the contrary, tropical species showed different features related to survival, for example where dramatically increased mortality was always observed during the copepodid stages in Arctodiaptomus dorsalis from Lake Taal in the Philippines (Tordesillas et al. 2016) . In the present study, Mongolodiaptomus malaindosinensis mostly survived during the naupliar stages, but fewer individuals survived during the copepodid stages, especially C1, which is a transitional stage with large morphological changes, at food carbon concentrations lower than 23.7 mgC L −1 . It has been shown that low survival during the copepodid stages is due to the large morphological and physiological changes from N6 to C1 and higher energy consumption than during the naupliar stages (Epp & Lewis 1980) . Food conditions may play a crucial role during the copepodid stages, especially in tropical copepods, due to high metabolic costs at high temperatures (Brown et al. 2004 , Liu & Ban 2017 .
Both somatic growth and survival of Mongolodiaptomus malaindosinensis were influenced by food quantity regardless of the algal species used, although Chlamydomonas reinhardtii has been reported to not be suitable food for temperate copepod species in previous studies (Celia & Folt 1993 , Hart & Santer 1994 . Chemical compositions of different algal species play an important role in regulating copepod somatic growth (Brown et al. 2004 , Dahl et al. 2009 ). Food resources for copepods may differ in different habitats and result in different responses to food availability. Natural ponds in tropical regions have a greater variety of algal species and ranges in the amounts of food resources for copepods than in temperate regions. Tropical copepods may be adapted to greater food quantities due to higher water temperatures and more varieties of food algae than temperate copepods. These results suggest that tropical copepods need more energy for their growth due to higher metabolic costs under higher temperatures but that they are adapted to variable food resources.
